GC and GC-MS analyses of the essential oils of two populations of Artemisia alba Turra, wild-growing on calcareous and serpentine substrates, enabled the identification of 227 different components. Volatile profiles of the two samples differed significantly and only 48 components were in common to both oils. Major constituents of the oils were as follows: germacrene D (38.3%) in the serpentinophyte A. alba (sometimes regarded as A. alba ssp. saxatilis or A. saxatilis) oil and spathulenol (11.8%), artemisia ketone (10.1%), camphor (7.5%) and 1,8-cineole (7.4%) in A. alba (from calcareous habitat) oil. The noted differences were observable on the class level as well: with 73% the sesquiterpenoids (48.2% hydrocarbons, 24.5% oxygen or sulfur containing) were the most abundant compound class in A. saxatilis oil, while the other oil was dominated by monoterpenoids, comprising ca. 60% of the oil (2.1% hydrocarbons and 54.7% oxygenated). Additionally, the serpentinophyte yielded ca. four times less essential oil. These results pointed out to the fact that the type of substrate (soil) could have an important influence on the biosynthesis of A. alba volatiles (genetically predetermined or environmental), especially in the case of populations grown on serpentine rock, characterized by a deficiency of water and indispensable mineral elements.
Artemisia alba Turra (syn. A. camphorata Vill., A. lobelii All.), Asteraceae, is a small, highly fragrant shrub with S European distribution, particularly diffused in the central and northern Apennines, in the Italian pre-Alps and former Yugoslavia, at altitudes between sea level and 1300 m [1a,1b] . It mainly grows in light, sunny sites, in xerophytic associations on calcareous soils. Besides these, the species may also occur on rock outcrops or at the edge of light woods [1b] . Up to know, A. alba has been the subject of several phytochemical studies, mainly focused on the volatiles [1] . Notable variations in A. alba volatile profile, related to different environmental conditions (yearly amount of precipitation, average temperature, etc.), have been previously observed [1a,1b] .
Serpentine (ophiolithic, ultramafic) rock, ubiquitous on the Balkan Peninsula, belongs to the group of siliceous rocks characterized by calcium deficiency, high concentrations of aluminum, iron, magnesium, nickel, cobalt and chromium, low amount of plant nutrients, and pH values varying from basic to ultrabasic [2a] . In general, deficiency of water and indispensable mineral elements result in numerous structural and functional adaptations of plants species growing on serpentine substrates, that are referred to as the "serpentine syndrome" [2b,2c] . Serpentine flora presents taxonomical, phytogeographical and ecological phenomena of great interest wherever it occurs [2] . To the best of our knowledge, the volatile profile of the serpentinophyte A. alba ( has not been studied previously. In the text that follows, for the purpose of simplicity, we will be referring to the sample originating from the serpentine and calcareous substrates as A. saxatilis and A. alba, respectively.
Having all of the above in mind, the aim of this study was set to compare (mutually and with literature data) the volatile profiles of two wild-growing populations of A. alba (above ground parts), from contrasting calcareous and serpentine (A. saxatilis) habitats in Serbia, in order to further investigate the previously observed link between the biosynthesis of volatiles in A. alba and corresponding ecological factors [1a,1b] . 
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Results of the GC and GC/MS analyzes of the essential oils hydrodistilled from A. saxatilis and A. alba, are presented in Table 1 (samples AA1 and AA2, respectively). More than 200 different components (127 in the oil AA1 and 157 in the oil AA2), comprising 90.5 and 90.8% of the total oils, were successfully identified. Chemical compositions of the two oils differed significantly. Major constituent of AA1 was germacrene D (38.3%), and this was the only constituent whose relative abundance exceeded 4% in mentioned sample (Table 1) . Spathulenol (11.8%), artemisia ketone (10.1%), camphor (7.5%) and 1,8-cineole (7.4%) were the main contributors to AA2. In addition, only 48
Radulović & Blagojević components were in common to both oils (given in bold letters in Table 1 ), but they were mainly minor or trace contributors of the two samples (exceptions were camphor and spathulenol, that were among the most abundant in AA2). Significant differences in the chemical composition of the two samples were observable on the class level as well. Although terpenoids were by far the most abundant compound class in both samples, AA1 oil was dominated by sesquiterpenoids (72.8%), while monoterpenoids (54.7%) were the main volatiles in AA2. Mention worthy was the fact that AA1 totally lacked irregular monoterpenoids, the most abundant monoterpenoid subclass in AA2 (16.6%). Similarly, germacranes and bicyclogermacranes, 44.3% of AA1, were detected only in negligible amount in AA2 (0.3%). , samples S1-S12. As can be seen from the table, studied A. alba populations originated from several different geographical areas and they had grown in distinctive environments, characterized by a variety of different external factors (e.g. yearly amount of precipitation, average temperature, altitude, etc.) many of which could have had certain influence on the production of volatiles [1a,1b] . Some general relationships concerning similarity/dissimilarity of the considered oils (Table 2) could be established. For example, almost all corresponding oils (isolated from the plant populations harvested in different parts of Europe and grown in different natural environments) shared certain important features. Thus, bornane (MB; borneol and camphor) and/or irregular type (MI; artemisia alcohol, artemisia ketone and yomogi alcohol) monoterpenoids were among the main volatiles of the majority of considered samples (in several samples sum of the relative amounts of MI and MB compounds even exceeded 50%, see Table 2 ). AA1 oil (extracted from the serpentinophyte A. saxatilis) was the only sample in which MI and MB compounds were not among the major contributors and in which their sum had the lowest value (5.9% MB, 0.0% MI). In addition, in the majority of the compared samples, monoterpenoids (mostly oxygenated counterparts) represented the main volatile fraction (ratio M/S>1.9; M-monoterpenoids, Ssesquiterpenoids). In fact, besides the one already mentioned in AA1 oil, considerably higher levels of sesquiterpenoids were detected only for S5, S7 and S8 samples (these correspond to A. alba populations from NE Italy) [1b] . Mentioned samples (AA1, S5, S7 and S8) were characterized with rather low monoterpenoid to sesquiterpenoid ratios (M/S<1, MO/SHD<1 and SHD≈S; MO-oxygenated monoterpenoids, SHDsesquiterpene hydrocarbons). This (rough) concordance Spathulenol (11.8%), artemisia ketone (10.1%), camphor (7.5%) and 1,8-cineole (7.4%)
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cis-Pinocamphone (34.6%), camphor (21.1%), myrthenol + myrthenal (6.8%) and 1,8-cineole (5.7%) [1d] a Plant material origin, vegetative stage and plant part are given in bold (stated as in the original references). Wherever possible, a more precise location [or plant (sub)association] is specified and given in parenthesis after designation the of the sample; b Relative abundance ≥ 5.0%; c Corresponds to more than one oil sample; d Correct stereoisomer not specified in the original paper; e Full foliation, pre-, full and post-bloom.
between the volatile profiles of geographically distinct A. alba populations (AA1, S6, S7, S8) could be considered as quite surprising (one should compare it with the differences in the oils of Serbian AA1 and S9, S10 and AA2, Table 2 ).
Possible explanation for this somewhat unexpected "dominant compound class" resemblance of the mentioned oils could be, at least partially, found in a specific combination of external factors and their Volatiles of Artemisia alba from calcareous and serpentine habitats Natural Product Communications Vol. 5 (7) 2010 1121 similar total effect on the biosynthesis of volatiles. It has been previously observed that A. alba populations grown in thermophytic plant communities biosynthesized mainly sesquiterpenes while those from mesophytic communities are characterized by a high content of oxygenated monoterpenes [1b]. In addition, according to the same authors, there is a link between the oil production (and composition) and amount of precipitation and mean annual temperature: high precipitations and low temperatures are favorable to the biosynthesis of sesquiterpene hydrocarbons, whereas higher temperatures and lower precipitations seem to favor the biosynthesis of oxygenated terpene derivatives [1b] . At this point it could be useful to remind that terpene structure-types are much more useful as markers for essential oil classification than the identity of individual oil constituents [4a] . Nevertheless, although sesquiterpenoids were the dominant volatile class in some samples (AA1, S5, S7 and S8), completely different sesquiterpene subclasses were the most abundant ones. Thus, germacranes and bicyclogermacranes, that represented ca. 50% of AA1 oil, were only negligible contributors to all other considered samples (S1-S12, AA2). The relative amount of germacrene D (main constituent of AA1 (38.3%)) was equal (S10) or less than 2% in other compared oils [1] . One could speculate that the observed significant compositional differences between AA1 sample and any other of the considered oils (especially those extracted from Serbian A. alba populations), are, at least partially, connected to the different type of substrate on which the corresponding A. alba populations had grown in nature. It has been already mentioned that the deficiency of water and indispensable mineral elements result in numerous structural and functional adaptations of plants species that grow on a serpentine substrate [2] . A previous study [1a] also pointed out to the fact that in the case of A. alba populations, type of soil had influence on the corresponding volatile profiles. It could be important to mention that populations from Devojački grob, Kokin brod and Gradište, with mutually comparable volatile profiles (in respect to dominant volatiles and volatile compound classes), grown in different environments (SW and SE Serbia) and at different altitudes, but on the same type of substrate (calcareous). It could be also interesting to mention that during the micropropagation studies on A. alba, set to develop a method by which plants would retain their ability to produce an essential oil similar to that of mother plants, it has been observed that oil production was strongly media related [1d] .
Results presented in this paper are in agreement with a previous study of ours [4b] , confirming that monoterpenoids are the dominant compound class of the "aromatic", essential oil rich species (yields much higher than 0.1%, w/w), whereas sesquiterpenoids are, the most frequently encountered terpene volatile class of the taxa yielding less than or around 0.1% of the oil. Yields of the AA1 (dominanted by sesquiterpenoids) and AA2 (dominanted by monoterpenoids) oils were 0.052 and 0.194%, respectively. A similar correlation between the oil yield and composition could be observed for the glanded [main volatiles: α-pinene (26.7%), pinocarvone (15.8%), and artemisia ketone (11.0%); yield 0.24%] and glandless [main volatiles: germacrene D (49.8%), and β-caryophyllene (25.1%); yield 0.06%] Artemisia annua [5] . Presence/absence of glandular trichomes was the only morphological difference between the glanded and glandless A. annua biotypes, collected from the very same plant population [5] . Soil induced adaptations of serpentinophyte A. saxatilis could be, to some extent, similar to those responsible for the pronounced differences in the volatile profiles of the two A. annua biotypes [5] . Perhaps, A. saxatilis, grown on "toxic" soil [2], was not in need of, and, hence, was deficient in an elaborate biosynthetic apparatus (lacking trichomes), responsible for the production of volatiles.
To summarize, it seems that the volatile production in A. alba is influenced by different external factors such as the yearly precipitation level, average annual temperature, etc [1a,1b] , but, at this point, especially when literature data are to be compared, it is difficult to build up a straightforward conclusion which of these is the most important one. However, based on the available data presented in this paper, one could speculate that significant differences in the chemical composition of the essential oils obtained from the serpentinophyte A. saxatilis and other considered A. alba populations are, at least partially, substrate (soil) related. High production of germacrene D and the total lack of irregular monoterpenes in this specific case could be, perhaps, considered as yet another manifestation of the "serpentine syndrome". Isolation of the essential oils: Dry above ground parts of A. saxatilis and A. alba (200 g each) were separately 1122 Natural Product Communications Vol. 5 (7) 2010 Radulović & Blagojević subjected to hydrodistillation for 2.5 h using an original Clevenger-type apparatus. The obtained highly fragrant yellowish oils were separated, dried over anhydrous magnesium sulphate and immediately analyzed. Yields of oils were the following: 0.052% (A. saxatilis, AA1 oil) and 0.194% (A. alba, AA2 oil) Gas chromatography and gas chromatography-mass spectrometry: The GC/MS analyses (three repetitions) were carried out using a Hewlett-Packard 6890N gas chromatograph equipped with a fused silica capillary column HP-5MS (5% phenylmethylsiloxane, 30 m × 0.25 mm, film thickness 0.25 μm, Agilent Technologies, USA) and coupled with a 5975B mass selective detector from the same company. The injector and interface were operated at 250 and 300 o C, respectively. Oven temperature was raised from 70 o to 290 o C at a heating rate of 5 o C/min and then isothermally held for 10 min. As a carrier gas helium at 1.0 mL/min was used. The samples, 1 μL of the oil solutions in diethyl ether (1 : 100), were injected in a pulsed split mode (the flow was 1.5 mL/min for the first 0.5 min and then set to 1.0 mL/ min throughout the remainder of the analysis; split ratio 40 : 1). MS conditions were as follows: ionization voltage of 70 eV, acquisition mass range 35-500, scan time 0.32 s. Oil constituents were identified by comparison of their linear retention indices (relative to C 7 -C 24 alkanes [6a] on the HP-5MS column) with literature values [6b] and their mass spectra with those of authentic standards, as well as those from Wiley 6, NIST02, MassFinder 2.3, and a homemade MS library built up from the spectra corresponding to pure substances and components of known oils, and wherever possible, by co-injection with an authentic sample (Table 1. ). GC (FID) analysis was carried out under the same experimental conditions using the same column as described for the GC/MS. The percentage composition of the oil was computed from the GC peak areas without any corrections.
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